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(57) ABSTRACT 

Methods are provided to operate a communications system 
including a satellite and a satellite gateway. In particular, a 
feeder link may be provided betWeen the satellite and the 
satellite gateway over a feeder link frequency band for 
communication of information betWeen the satellite gateWay 
and the satellite. Aservice link may be provided betWeen the 
satellite and at least one radioterminal in a coverage area of 
the satellite over a service link frequency band. Moreover, 
the feeder link and service link frequency bands may be 
different. In addition, a frequency segment of the feeder link 
may be linearly translated from the feeder link frequency 
band to the service link frequency band to provide a fre 
quency segment of the service link. Related satellites are 
also discussed. 
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METHODS OF GROUND BASED BEAMFORMING 
AND ON-BOARD FREQUENCY TRANSLATION 

AND RELATED SYSTEMS 

RELATED APPLICATION 

[0001] The present application claims the bene?t of pri 
ority from US. Provisional Application No. 60/583,218 
?led Jun. 25, 2004, and entitled “Methods Of Ground Based 
Beamforming And On-Board Frequency Translation And 
Related Systems.” The disclosure of the above referenced 
U.S. provision application is hereby incorporated herein in 
its entirety by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to Wireless communications 
systems and methods, and more particularly to satellite 
communications systems and methods. 

BACKGROUND 

[0003] Satellite radiotelephone communications systems 
and methods are Widely used for radiotelephone communi 
cations. Satellite radiotelephone communications systems 
and methods generally employ at least one space-based 
component, such as one or more satellites that are con?gured 
to Wirelessly communicate With a plurality of satellite radio 
telephones. 

[0004] A satellite radiotelephone communications system 
or method may utiliZe a single antenna beam covering an 
entire area served by the system. Alternatively, in cellular 
satellite radiotelephone communications systems and meth 
ods, multiple beams are provided, each of Which can serve 
distinct geographical areas in the overall service region, to 
collectively serve an overall satellite footprint. Thus, a 
cellular architecture similar to that used in conventional 
terrestrial cellular radiotelephone systems and methods can 
be implemented in cellular satellite-based systems and meth 
ods. The satellite typically communicates With radiotele 
phones over a bidirectional communications pathWay, With 
radiotelephone communication signals being communicated 
from the satellite to the radiotelephone over a doWnlink or 
forWard link, and from the radiotelephone to the satellite 
over an uplink or return link. 

[0005] The overall design and operation of cellular satel 
lite radiotelephone systems and methods are Well knoWn to 
those having skill in the art, and need not be described 
further herein. Moreover, as used herein, the term “radio 
telephone” includes cellular and/or satellite radiotelephones 
With or Without a multi-line display; Personal Communica 
tions System (PCS) terminals that may combine a radiotele 
phone With data processing, facsimile and/or data commu 
nications capabilities; Personal Digital Assistants (PDA) 
that can include a radio frequency transceiver and a pager, 
Internet/intranet access, Web broWser, organiZer, calendar 
and/or a global positioning system (GPS) receiver; and/or 
conventional laptop and/or palmtop computers or other 
appliances, Which include a radio frequency transceiver. 
Radiotelephones may also be referred to herein as “radio 
terminals” or simply “terminals”. 

[0006] As is Well knoWn to those having skill in the art, 
terrestrial netWorks can enhance cellular satellite radiotele 
phone system availability, efficiency and/or economic 
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viability by terrestrially reusing at least some of the fre 
quency bands that are allocated to cellular satellite radio 
telephone systems. In particular, it is knoWn that it may be 
dif?cult for cellular satellite radiotelephone systems to reli 
ably serve densely populated areas, because the satellite 
signal may be blocked by high-rise structures and/or may 
not penetrate into buildings. As a result, the satellite spec 
trum may be underutiliZed or unutiliZed in such areas. The 
use of terrestrial retransmission of at least some of the 
satellite band frequencies can reduce or eliminate this prob 
lem. 

[0007] Moreover, the capacity of the overall system can be 
increased signi?cantly by the introduction of terrestrial 
retransmission, since terrestrial frequency reuse can be 
much denser than that of a satellite-only system. In fact, 
capacity can be enhanced Where it may be mostly needed, 
i.e., densely populated urban/industrial/commercial areas. 
As a result, the overall system can become much more 
economically viable, as it may be able to serve a much larger 
subscriber base. Finally, satellite radiotelephones for a sat 
ellite radiotelephone system having a terrestrial component 
Within the same satellite frequency band and using substan 
tially the same air interface for both terrestrial and satellite 
communications can be more cost effective and/or aestheti 
cally appealing. Conventional dual band/dual mode alterna 
tives, such as the Well knoWn Thuraya, Iridium and/or 
Globalstar dual mode satellite/terrestrial radiotelephone sys 
tems, may duplicate some components, Which may lead to 
increased cost, siZe and/or Weight of the radiotelephone. 

[0008] United States Patent Application Publication No. 
US. 2003/0054760 A1, published Mar. 20, 2003, and 
entitled Systems and Methods for Terrestrial Reuse of Cel 
lular Satellite Frequency Spectrum, the disclosure of Which 
is hereby incorporated herein by reference in its entirety as 
if set forth fully herein, describes that a satellite radiotele 
phone frequency can be reused terrestrially by an ancillary 
terrestrial netWork even Within the same satellite cell, using 
interference cancellation techniques. In particular, the sat 
ellite radiotelephone system according to some embodi 
ments of published Patent Application 2003/0054760 
includes a space-based component that is con?gured to 
receive Wireless communications from a ?rst radiotelephone 
in a satellite footprint over a satellite radiotelephone fre 
quency band, and an ancillary terrestrial netWork that is 
con?gured to receive Wireless communications from a sec 
ond radiotelephone in the satellite footprint over the satellite 
radiotelephone frequency band. The space-based component 
also receives the Wireless communications from the second 
radiotelephone in the satellite footprint over the satellite 
radiotelephone frequency band as interference, along With 
the Wireless communications that are received from the ?rst 
radiotelephone in the satellite footprint over the satellite 
radiotelephone frequency band. An interference reducer is 
responsive to the space-based component and to the ancil 
lary terrestrial netWork that is con?gured to reduce the 
interference from the Wireless communications that are 
received by the space-based component from the ?rst radio 
telephone in the satellite footprint over the satellite radio 
telephone frequency band, using the Wireless communica 
tions that are received by the ancillary terrestrial netWork 
from the second radiotelephone in the satellite footprint over 
the satellite radiotelephone frequency band. 
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[0009] United States Patent Application Publication No. 
2003/0054761 A1, published Mar. 20, 2003, and entitled 
Spatial Guardbands for Terrestrial Reuse of Satellite Fre 
quencies, the disclosure of Which is hereby incorporated 
herein by reference in its entirety as if set forth fully herein, 
describes satellite radiotelephone systems that include a 
space-based component that is con?gured to provide Wire 
less radiotelephone communications in a satellite footprint 
over a satellite radiotelephone frequency band. The satellite 
footprint is divided into a plurality of satellite cells, in Which 
satellite radiotelephone frequencies of the satellite radiotele 
phone frequency band are spatially reused. An ancillary 
terrestrial netWork is con?gured to terrestrially reuse at least 
one of the ancillary radiotelephone frequencies that is used 
in a satellite cell in the satellite footprint, outside the cell and 
in some embodiments separated therefrom by a spatial 
guardband. The spatial guardband may be suf?ciently large 
to reduce or prevent interference betWeen the at least one of 
the satellite radiotelephone frequencies that is used in the 
satellite cell in the satellite footprint, and the at least one of 
the satellite radiotelephone frequencies that is terrestrially 
reused outside the satellite cell and separated therefrom by 
the spatial guardband. The spatial guardband may be about 
half a radius of a satellite cell in Width. 

[0010] United States Patent Application Publication No. 
US. 2003/0054815 A1, published Mar. 20, 2003, and 
entitled Methods and Systems for Modifying Satellite 
Antenna Cell Patterns in Response to Terrestrial Reuse of 
Satellite Frequencies, the disclosure of Which is hereby 
incorporated herein by reference in its entirety as if set forth 
fully herein, describes that space-based Wireless radiotele 
phone communications are provided in a satellite footprint 
over a satellite radiotelephone frequency band. The satellite 
footprint is divided into satellite cells in Which satellite 
radiotelephone frequencies of the satellite radiotelephone 
frequency band are spatially reused. At least one of the 
satellite radiotelephone frequencies that is assigned to a 
given satellite cell in the satellite footprint is terrestrially 
reused outside the given satellite cell. A radiation pattern of 
at least the given satellite cell is modi?ed to reduce inter 
ference With the at least one of the satellite radiotelephone 
frequencies that is terrestrially reused outside the given 
satellite cell. 

SUMMARY OF THE INVENTION 

[0011] According to some embodiments of the present 
invention, methods may be provided to operate a commu 
nications system including a satellite and a satellite gateWay. 
In particular, a feeder link may be provided betWeen the 
satellite and the satellite gateWay over a feeder link fre 
quency band for communication of information betWeen the 
satellite gateWay and the satellite. A service link may be 
provided betWeen the satellite and at least one radioterminal 
in a coverage area of the satellite over a service link 
frequency band, and the feeder link and service link fre 
quency bands may be different. In addition, a frequency 
segment of the feeder link may be linearly translated from 
the feeder link frequency band to the service link frequency 
band to provide a frequency segment of the service link. The 
frequency segment of the service link may provide content 
for the at least one radioterminal and/or for a plurality of 
radioterminals in the coverage area. 

[0012] A second service link may also be provided 
betWeen the satellite and at least one radioterminal in a 
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second coverage area of the satellite over the service link 
frequency band. Moreover, a second frequency segment of 
the feeder link may be linearly translated from the feeder 
link frequency band to the service link frequency band to 
provide a second frequency segment of the second service 
link. The ?rst frequency segment of the ?rst service link may 
provide content for a ?rst plurality of radioterminals in the 
?rst coverage area, and the second frequency segment of the 
second service link may provide content for a second 
plurality of radioterminals in the second coverage area. 
Moreover, the ?rst frequency segment of the feeder link may 
be transmitted to the satellite using a ?rst polariZation, the 
second frequency segment of the feeder link may be trans 
mitted to the satellite using a second polariZation, and the 
?rst and second polariZations may be different. More par 
ticularly, the second polariZation may be orthogonal With 
respect to the ?rst polariZation. In addition, a bandWidth of 
frequencies spanned by the frequency segment of the feeder 
link may be about the same as a bandWidth of frequencies 
spanned by the frequency segment of the service link. 

[0013] Asecond feeder link may also be provided betWeen 
the satellite and a second satellite gateWay over the feeder 
link frequency band for communication of information 
betWeen the second satellite gateWay and the satellite, and a 
second service link may be provided betWeen the satellite 
and at least one radioterminal in a second coverage area of 
the satellite over the service link frequency band. In addi 
tion, a frequency segment of the second feeder link may be 
linearly translated from the feeder link frequency band to the 
service link frequency band to provide a second frequency 
segment of the second service link. The ?rst frequency 
segment of the ?rst service link may provide content for a 
?rst plurality of radioterminals in the ?rst coverage area, and 
the second frequency segment of the second service link 
may provide content for a second plurality of radioterminals 
in the second coverage area. Interference betWeen feeder 
links may be reduced by transmitting ?rst pilot signals from 
the ?rst satellite gateWay to the satellite over the ?rst feeder 
link, and transmitting second pilot signals from the second 
satellite gateWay to the satellite over the second feeder link 
With the ?rst and second pilot signals being different. 
Accordingly, interference cancellation may be performed at 
the satellite based on a priori knoWledge of the ?rst and 
second pilot signals. 

[0014] According to additional embodiments of the 
present invention, methods may be provided to operate a 
communications system including a satellite and a satellite 
gateWay. In particular, a feeder link may be provided 
betWeen the satellite and the satellite gateWay over a feeder 
link frequency band for communication of information 
betWeen the satellite gateWay and the satellite. In addition, 
a service link may be provided betWeen the satellite and at 
least one radioterminal in a coverage area of the satellite 
over a service link frequency band, and the feeder link and 
service link frequency bands may be different. A frequency 
segment of the service link may be linearly translated from 
the service link frequency band to the feeder link frequency 
band to provide a frequency segment of the feeder link. 

[0015] The frequency segment of the service link may 
provide content from the at least one radioterminal and/or 
from a plurality of radioterminals in the coverage area. In 
addition, a bandWidth of frequencies spanned by the fre 
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quency segment of the feeder link may be about the same as 
a bandwidth of frequencies spanned by the frequency seg 
ment of the service link. 

[0016] A second service link may also be provided 
betWeen the satellite and at least one radioterminal in a 
second coverage area of the satellite over the service link 
frequency band, and a second frequency segment of the 
second service link may be linearly translated from the 
service link frequency band to the feeder link frequency 
band to provide a second frequency segment of the feeder 
link. Moreover, the ?rst frequency segment of the ?rst 
service link may provide content from a ?rst plurality of 
radioterminals in the ?rst coverage area, and the second 
frequency segment of the second service link may provide 
content from a second plurality of radioterminals in the 
second coverage area. In addition, the ?rst frequency seg 
ment of the feeder link may transmitted from the satellite 
using a ?rst polariZation, the second frequency segment of 
the feeder link may be transmitted from the satellite using a 
second polariZation, and the ?rst and second polariZations 
may be different. More particularly, the second polariZation 
may be orthogonal With respect to the ?rst polariZation. The 
frequency segment of the service link may provide content 
for the at least one radioterminal and/or for a plurality of 
radioterminals in the coverage area. 

[0017] In addition, a second feeder link may be provided 
betWeen the satellite and a second satellite gateWay over the 
feeder link frequency band for communication of informa 
tion betWeen the second satellite gateWay and the satellite, 
and a second service link may be provided betWeen the 
satellite and at least one radioterminal in a second coverage 
area of the satellite over the service link frequency band. 
Moreover, a second frequency segment of the second service 
link may be linearly translated from the service link fre 
quency band to the feeder link frequency band to provide a 
second frequency segment of the second feeder link. The 
?rst frequency segment from the ?rst service link may 
provide content from a ?rst plurality of radioterminals in the 
?rst coverage area, and the second frequency segment from 
the second service link may provide content from a second 
plurality of radioterminals in the second coverage area. In 
addition, ?rst pilot signals may be tarnsmitted from the 
satellite over the ?rst feeder link to the ?rst satellite gateWay, 
second pilot signals may be transmitted from the satellite 
over the second feeder link to the second satellite gateWay, 
and the ?rst and second pilot signals may be different. 
Interference cancellation may thus be performed at the ?rst 
and second satellite gateWays based on a priori knoWledge 
of the ?rst and second pilot signals. 

[0018] According to still more embodiments of the present 
invention, a satellite may be provided to relay communica 
tions betWeen a satellite gateWay and at least one radioter 
minal in a coverage area of the satellite. The satellite may 
include a feeder link receiver, a service link transmitter and 
a frequency translator. The feeder link receiver may be 
con?gured to receive information from the satellite gateWay 
using a feeder link provided over a feeder link frequency 
band. The service link transmitter may be con?gured to 
transmit information to the at least one radioterminal in the 
coverage area using a service link provided over a service 
link frequency band, and the service link frequency band and 
the feeder link frequency band may be different. The fre 
quency translator may be coupled betWeen the feeder link 
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receiver and the service link transmitter, and the frequency 
translator may be con?gured to provide linear frequency 
translation of a frequency segment of the feeder link from 
the feeder link frequency band to the service link frequency 
band to thereby provide a frequency segment of the service 
link. 

[0019] According to yet additional embodiments of the 
present invention, a satellite may be provided to relay 
communications betWeen a satellite gateWay and at least one 
radioterminal in a coverage area of the satellite. The satellite 
may include a service link receiver, a feeder link transmitter, 
and a frequency translator coupled betWeen the service link 
receiver and the feeder link transmitter. The service link 
receiver may be con?gured to receive information from the 
at least one radioterminal in the coverage area using a 
service link provided over a service link frequency band. 
The feeder link transmitter may be con?gured to transmit 
information to the satellite gateWay using a feeder link 
provided over a feeder link frequency band, and the service 
link frequency band and the feeder link frequency band may 
be different. The frequency translator may be con?gured to 
provide linear frequency translation of a frequency segment 
of the service link from the service link frequency band to 
the feeder link frequency band to provide a frequency 
segment of the feeder link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a diagram illustrating a space-based 
communications netWork including satellite gateWays, at 
least one satellite, and mobile radioterminals according to 
embodiments of the present invention. 

[0021] FIGS. 2a-c are spectrum occupancy diagrams 
illustrating transponder frequency translation using arbitrary 
spectrum mapping. 

[0022] FIGS. 3a-c are spectrum occupancy diagrams 
illustrating transponder frequency translation using linear 
spectrum mapping. 

[0023] FIG. 4 is a block diagram illustrating satellites 
according to embodiments of the present invention. 

DETAILED DESCRIPTION 

[0024] Speci?c exemplary embodiments of the invention 
noW Will be described With reference to the accompanying 
draWings. This invention may, hoWever, be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will fully convey the scope of the 
invention to those skilled in the art. In the draWings, like 
designations refer to like elements. It Will be understood that 
When an element is referred to as being “connected” or 
“coupled” to another element, it can be directly connected or 
coupled to the other element or intervening elements may be 
present. Furthermore, “contected” or “coupled” as used 
herein may include Wirelessly connected or coupled. 

[0025] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention. As used herein, the singular 
forms “a”, “an” and “the” are intended to include the plural 
forms as Well, unless expressly stated otherWise. It Will be 
further understood that the terms “includes,”“comprises, 
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including” and/or “comprising,” When used in this speci 
?cation, specify the presence of stated features, integers, 
steps, operations, elements, and/or components, but do not 
preclude the presence or addition of one or more other 

features, integers, steps, operations, elements, components, 
and/or groups thereof. 

[0026] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to Which this invention belongs. It Will be further 
understood that terms, such as those de?ned in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent With their meaning in the context of the 
relevant art and the present disclosure, and Will not be 
interpreted in an idealiZed or overly formal sense unless 
expressly so de?ned herein. 

[0027] It Will be understood that although the terms ?rst 
and second may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another 
element. Thus, a ?rst component beloW could be termed a 
second component, and similarly, a second component may 
be termed a ?rst component Without departing from the 
teachings of the present invention. As used herein, the term 
“and/or” includes any and all combinations of one or more 
of the associated listed items. The symbol “/” is also used as 
a shorthand notation for “and/or”. 

[0028] As shoWn in FIG. 1, a space-based communica 
tions netWork may include at least one satellite 101 and one 
or more ground-based satellite gateWays 103a-b providing 
communications service for mobile radioterminals 105a-e 
located in one or more coverage areas 107a-e of the satellite 
101. Communications With a mobile radiotelephone 105a-e 
may be provided using a respective service link transmitted 
over a satellite spot beam for the respective coverage area 
107a-e. Moreover, a service link for a particular mobile 
radioterminal may be de?ned to include a service up-link for 
transmission from the mobile radioterminal to the satellite 
101 and a service doWn-link for transmissions from the 
satellite 101 to the mobile radioterminal. A satellite spot 
beam for a respective coverage area may support a plurality 
of service links for a respective plurality of mobile radio 
terminals in the coverage area. Different service doWn-links 
in a same and/or different spot beam may be separated, for 
example, by frequency, time, and/or code. Similarly, differ 
ent service up-links in a same and/or different spot beam 
may be separated, for example, by frequency (for example, 
FDM/FDMA and/or OFDM/OFDMA), time (for example, 
TDM/TDMA), and/or code (for example, CDM/CDMA). 

[0029] By providing a plurality of antenna elements at the 
satellite 101, a service link can be directed over a particular 
spot beam providing service for a mobile radioterminal 
located in a respective coverage area. When transmitting a 
service doWn-link from the satellite for a particular mobile 
radioterminal, different complex Weightings may be applied 
from the different antenna elements to de?ne the spot beam 
over Which the service doWn-link is to be transmitted. 
Accordingly, a frequency reuse pattern may be established 
for the different spot beams providing service for the dif 
ferent coverage areas so that the same frequencies may not 
be used for service up-links in adjacent coverage areas and 
so that the same frequencies may not be used for service 
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doWn-links in adjacent coverage areas. For example, the 
same frequencies may not be used for service up-links and 
doWn-links in coverage areas 107a and 107b. In contrast, 
one or more of the same frequencies may be used for service 
up-links and doWn-links in coverage areas 107a and 107c. 

[0030] Similarly, communications may be transmitted 
betWeen the satellite 101 and one or more satellite gateWays 
103a-b using respective feeder links. Moreover, a feeder link 
for a particular satellite gateWay may be de?ned to include 
a feeder up-link for transmissions from the satellite gateWay 
to the satellite(s) and a feeder doWn-link for transmissions 
from the satellite(s) to the satellite gateWay. Moreover, one 
or more satellite gateWays 103a-b may be coupled to a 
conventional communications netWork such as a public 
sWitched Wireline and/or Wireless telephone netWork 109. 

[0031] Accordingly, communications betWeen a mobile 
radioterminal and the public sWitched telephone netWork 
109 may be supported by a service link betWeen the mobile 
ratioterminal and the satellite 101 and by a feeder link 
betWeen the satellite 101 and a satellite gateWay. More 
particularly, transmissions from the public sWitched tele 
phone netWork 109 to the mobile radioterminal105a may be 
provided using a feeder up-link, such as a feeder link of 
Feeder Link 1 from the satellite gateWay 103a, to the 
satellite 101 and using a service doWn-link of Service Link 
1 from satellite 101 to mobile radioterminal105a over a spot 
beam for coverage area 107a. Transmissions from the 
mobile radioterminal 105a to the public sWitched telephone 
netWork 109 may be provided using a service up-link of 
Service Link 1 from the mobile radioterminal 105a to the 
satellite 101 over the spot beam providing service for 
coverage area 107a, and using a feeder doWn-link, such as 
a feeder doWn-link of Feeder Link 1, from satellite 101 to the 
satellite gateWay 103a. 

[0032] The Feeder Link(s) betWeen one or more satellite 
gateWays 103a-b and the satellite 101 may be provided over 
a feeder link frequency band(s) (such as a Ku-band feeder 
link frequency band(s)), the Service Links betWeen one or 
more mobile radioterminals 105a-e and the satellite 101 may 
be provided over a service link frequency band(s) (such as 
an L-band and/or an S-band service link frequency band(s)), 
and the feeder link and service link frequency bands may be 
different. For example, information for a transmission from 
PSTN 109 to mobile radioterminal 105a is transmitted on a 
feeder up-link of Feeder Link 1 in the feeder link frequency 
band and then transmitted on a service doWn-link of Service 
Link 1 in the service link frequency band. Accordingly, the 
information is mapped from the feeder link frequency band 
to the service link frequency band. Similarly, information for 
a transmission from the mobile radioterminal 105a to the 
PSTN 109 is transmitted on a service up-link of Service Link 
1 in the service link frequency band and then transmitted on 
a feeder doWn-link of Feeder Link 1 (and/or Feeder Link 2) 
in the feeder link frequency band. Accordingly, the infor 
mation is mapped from the service link frequency band to 
the feeder link frequency band. 

[0033] Service link beam forming may be performed 
either at the satellite 101 and/or at the satellite gateWay. For 
example, in the Thuraya and ACeS geo-stationary satellite 
systems, service link beam forming is performed at the 
satellite (Thuraya performs beam forming digitally, While 
analog beam forming is implemented in ACeS). Also, in the 
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Iridium and Globalstar non-geo-stationary satellite systems, 
service link beam forming is performed at the satellite(s). In 
contrast to satellite-based service link beam forming, US. 
Pat. No. 5,903,549 to von der Embse et al. describes a 
method permitting beam forming at a ground station. The 
disclosure of US. Pat. No. 5,903,549 is hereby incorporated 
herein by reference in its entirety as if set forth fully herein. 
Also, US. Provisional Application No. 60/572,164 ?led 
May 18, 2004, entitled Space-Based Networks And Methods 
With Ground-Based Beam Forming describes ground-based 
and space-based beam forming systems and methods. The 
above referenced US. Provisional Application is assigned to 
the assignee of the present invention, and the disclosure of 
the above referenced US. Provisional Application is hereby 
incorporated herein by reference in its entirety as if set forth 
fully herein. As discussed above, beam forming for a service 
link is used to de?ne a spot beam over Which the service 
doWn-link is transmitted from the satellite and over Which 
the service up-link is received at the satellite. For example, 
the spot beam for a service doWn-link can be de?ned by 
applying different Weights (such as different complex 
Weights providing different phase and amplitude informa 
tion) to the service doWn-link for each antenna feed element 
to provide a desired antenna pattern gain and/or phase 
pro?le(s) over a spot beam to a satellite coverage area on the 
ground. When transmitted to the ground, these antenna 
pattern gain and/or phase pro?les may de?ne a spot beam for 
a satellite coverage area (also referred to as a satellite cell) 
having a desired siZe, amplitude roll-off, and/or phase char 
acteristic. 

[0034] A non-demodulating and/or non-regenerating sat 
ellite transponder may perform the folloWing signal pro 
cessing tasks. First, the satellite transponder may provide 
frequency translation betWeen the feeder link frequency 
spectrum and the service link frequency spectrum. Second, 
the satellite transponder may perform beam forming opera 
tions as discussed above. More particularly, the satellite 
transponder may determine and/or receive from the ground 
the Weights (such as complex Weights providing phase and 
amplitude information) to be applied to each service link for 
each antenna element to direct the service link over the 
appropriate spot beam. 

[0035] According to a particular example illustrated in 
FIGS. 2a-c, a ?rst spot beam (Beam 1) transmitted from a 
satellite to a ?rst satellite coverage area may include service 
links to be transmitted over the service link frequency 
spectrum as illustrated in FIG. 2a, and a second spot beam 
(Beam 2) transmitted from the satellite to a second satellite 
coverage area may include service links to be transmitted 
over the service link frequency spectrum as illustrated in 
FIG. 2b. In the example of FIGS. 2a-c, Beam 1 and Beam 
2 may provide service for non-adjacent satellite coverage 
areas to reduce interference betWeen service links using 
overlapping portions of the service link frequency band 
(spectrum). Moreover, occupancy of the service link fre 
quency band by service links of either Beam 1 or Beam 2 
may be non-contiguous as shoWn in FIGS. 2a and 2b. 

[0036] The information for the service links of Beams 1 
and 2 may be communicated betWeen a satellite gateWay and 
the satellite over a feeder link using a feeder link frequency 
band different than the service link frequency band used for 
Beams 1 and 2. As shoWn in FIG. 2c, portions of the service 
link frequency band occupied by service links of Beams 1 
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and 2 may be translated (or mapped) to/from the feeder link 
frequency band in a manner so that an occupied portion of 
the feeder link frequency band is compacted. Frequency 
translation (mapping) as illustrated in FIGS. 2a-c, may be 
referred to as non-linear mapping and/or arbitrary mapping. 

[0037] By compacting the information transmitted over 
the feeder link, an ef?ciency of usage of the feeder link 
frequency band can be improved. Compacting, hoWever, 
may require the use of a relatively large number of fre 
quency translators. For example, a different frequency trans 
lator may be used for each block of the service link fre 
quency band of each spot beam being translated to/from the 
feeder link frequency band With a different frequency shift. 
In the example of FIGS. 2a-c, seven frequency translators 
may be used at the satellite to accomplish the illustrated 
translations. Each frequency translator may be provided by 
one or more digital signal processors performing digital 
?ltering using fast Fourier transforms (FFT) and/or inverse 
fast Fourier transforms (IFFT). Accordingly, a digital signal 
processing (DSP) module may be used to perform beam 
forming and/or frequency translation functions. 

[0038] While a digital signal processor in a satellite tran 
sponder may provide ?exibility in frequency translation 
and/or beam forming, a digital signal processing module for 
a satellite may be one of the most complex items in a satellite 
payload. Moreover, increasingly complex digital signal pro 
cessing modules in satellites may signi?cantly increase 
poWer consumption, payload mass, reliability, and/or satel 
lite cost, and increasingly complex digital signal processing 
modules may also lengthen schedules to build and/or deploy 
a satellite. Accordingly, advantages may be provided by 
reducing a complexity of and/or eliminating a digital signal 
processing module in a satellite by moving signal processing 
functions to one or more ground based satellite gateWays. 

[0039] In particular, a linear frequency translation (map 
ping) of information betWeen the feeder link frequency band 
and the service link frequency band can be used to reduce a 
complexity of processing performed at the satellite 101, and 
the beam forming may be performed at the satellite gate 
Way(s) 103a and/or 103b. More particularly, the feeder link 
frequency band may be divided into segments, With each 
segment of the feeder link frequency band corresponding to 
a respective spot beam and/or satellite antenna feed element. 
Accordingly, tWo frequency translators may be provided at 
the satellite 101 for each spot beam and/or satellite antenna 
feed element, With a ?rst frequency translator being used to 
translate a segment of the feeder up-link frequency band to 
a segment of the service doWn-link frequency band for the 
spot beam and/or satellite antenna feed element, and With a 
second frequency translator being used to translate a seg 
ment of the service up-link frequency band for the spot beam 
and/or satellite antenna feed element to a segment of the 
feeder doWn-link frequency band. A third frequency trans 
lator may be used to translate a segment of the service 
up-link frequency band for the spot beam and/or satellite 
antenna feed element to a segment of the feeder doWn-link 
frequency band if the satellite receive antenna subsystem is 
con?gured to receive more than one spatial polariZation (i.e., 
Right-Hand Circular PolariZation (RHCP) and Left-Hand 
Circular PolariZation (LHCP)). 

[0040] Systems and methods for reducing satellite feeder 
link bandWidth/carriers in cellular satellite systems are dis 
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cussed in US. Patent Application No. 60/383,688 to Kara 
binis ?led May 28, 2002, and assigned to the assignee of the 
present invention. The disclosure of US. Patent Application 
No. 60/383,688 is incorporated herein in its entirety by 
reference. As discussed in US. Patent Application No. 
60/383,688, information content is nonidentically mapped 
betWeen service link carriers and feeder link carriers at a 
cellular satellite. A reduced number of satellite feeder link 
carriers compared to the number of satellite service link 
carriers and/or a reduced total bandWidth of the satellite 
feeder link carriers compared to the satellite service link 
carriers thereby may be obtained. 

[0041] In the example of FIGS. 3a-c, a linear frequency 
translation betWeen feeder and service links is used to 
support beams 1 and 2 illustrated in FIGS. 3a and 3b With 
the beams 1 and 2 of FIGS. 3a and 3b being the same as 
beams 1 and 2 of FIGS. 2a and 2b discussed above. More 
particularly, tWo frequency translators (one for Beam 1 and 
one for Beam 2) may be used to perform the illustrated 
translation for service doWn-links for coverage areas 107a 
and 107c (including doWn-links for Service Link 1 and 
Service Link 4, respectively). More particularly, a ?rst 
segment (Segment 1) of the feeder link frequency band may 
be used to transmit information (from a satellite gateWay, 
such as satellite gateWay 103a and/or 103b, to the satellite 
101) for service doWn-links of Beam 1 corresponding to 
coverage area 107a, and a second segment (Segment 2) of 
the feeder link frequency band may be used to transmit 
information (from a satellite gateWay, such as satellite 
gateWay 103a and/or 103b, to the satellite 101) for service 
doWn-links of Beam 2 corresponding to coverage area 107c. 
As discussed above, the feeder link frequency band used for 
communications betWeen the satellite 101 and the satellite 
gateWay(s) 103a and/or 103b does not overlap With the 
service link frequency band used for communications 
betWeen the satellite 101 and the mobile radioterminals 105. 

[0042] At the satellite 101, the ?rst segment (Segment 1) 
of the feeder link frequency band transmitted by at least one 
satellite gateWay (such as satellite gateWay 103a and/or 
103b) illustrated in FIG. 3c is translated (mapped) to a 
segment of the service link frequency band allocated for 
service doWn-links to coverage area 107a over Beam 1 as 
shoWn in FIG. 3a. The satellite 101 can then apply appro 
priate (generally complex) antenna element Weights so that 
service doWn-links are transmitted over the desired spot 
beam (Beam 1) providing service for the coverage area 
107a. Similarly, the second segment (Segment 2) of the 
feeder link frequency band that is transmitted by at least one 
satellite gateWay (such as satellite gateWay 103a and/or 
103b) illustrated in FIG. 3c is translated (mapped) to a 
segment of the service link frequency band allocated for 
service doWn-links to coverage area 107c over Beam 2 as 
shoWn in FIG. 3b. The satellite 101 can then apply appro 
priate antenna element Weights to the translated (mapped) 
feeder-link band frequency band segment so that service 
doWn-links are transmitted over the desired spot beam 
(Beam 2) providing service for the coverage area 107c. It 
Will be understood that the appropriate antenna element 
Weights may be applied to the feeder-link band frequency 
segment before it is translated (mapped) from the feeder link 
band to the service link band. It Will also be understood that 
the appropriate antenna element Weights may be applied at 
the satellite and/or at the satellite gateWay(s). 
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[0043] Frequency allocation and translation (mapping) as 
discussed above With respect to FIGS. 3a-c, may thus alloW 
a reduced complexity of satellite operation and/or payload. 
A greater bandWidth of feeder link frequency spectrum, 
hoWever, may be consumed. According to embodiments of 
the present invention, a tWo dimensional feeder link fre 
quency spectrum may be provided to increase feeder link 
capacity. For example, an effective feeder link bandWidth 
may be doubled by providing tWo orthogonally polariZed 
feeder links betWeen a satellite gateWay, such as satellite 
gateWay 103a, and the satellite 101 using the same feeder 
link frequency spectrum. In an alternative, the tWo orthogo 
nally polariZed feeder links may be provided betWeen the 
satellite 101 and respective (adjacent or spaced apart) sat 
ellite gateWays 103a-b. 

[0044] In addition or in an alternative, cellular frequency 
reuse may be used for feeder links betWeen the satellite and 
a plurality of spaced apart satellite gateWays. For example, 
the satellite 101 may include directional feeder link antennas 
each directed to a respective satellite gateWay, and the feeder 
link frequency band, in its entirety and/or partially, may be 
allocated to the different satellite gateWays to reduce inter 
ference therebetWeen. In other Words, different feeder link 
spot beams may be provided so that adjacent feeder link spot 
beams do not share same portions of the feeder link fre 
quency band. Same portions of the feeder link frequency 
band may be shared by spaced apart feeder link spot beams. 

[0045] When providing cellular frequency reuse for feeder 
links, suf?cient isolation may need to be provided betWeen 
feeder link cells (spot beams) to maintain a suf?cient ratio of 
C/(NO+IO) in the feeder link budget Where C is the carrier 
poWer, NO is the noise spectral density, and I0 is the 
interference spectral density. Providing suf?cient isolation 
betWeen feeder link spot beams (cells) may require a rela 
tively large feeder link antenna aperture at the satellite 101. 
Apertures of feeder link antennas at the satellite 101 may be 
reduced by including a pilot signal and/or a data sequence 
(that may be a priori knoWn to a gateWay receiver) in feeder 
doWn-links from the satellite 101 to the satellite gateWays 
103a-b, and interference cancellation may be performed 
among the satellite gateWays based on a priori knoWledge of 
the pilot and/or data sequence Waveform. 

[0046] In addition, a terrestrial communications netWork 
including one or a plurality of terrestrial base stations may 
provide communications for radioterminals in one or more 
of the satellite coverage areas 107a-e using frequencies of 
the satellite service link frequency band. For example, a 
terrestrial communications netWork may provide communi 
cations service for mobile radioterminals in an urban area of 
a satellite coverage area to provide a higher density of 
communications than may be desirable for satellite commu 
nications. Communications services for the same mobile 
radioterminals may be provided by the satellite in regions 
(such as rural regions) of the satellite coverage area(s) not 
covered by a terrestrial communications netWork. 

[0047] The sharing of frequencies of a satellite frequency 
band betWeen a space-based communications netWork and a 
terrestrial communications netWork is discussed, for 
example, in the following US. patents and US. patent 
publications. Satellite radioterminal communications sys 
tems and methods that may employ terrestrial reuse of 
satellite frequencies are described, for example, in US. Pat. 
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No. 6,684,057 to Karabinis, entitled Systems and Methods 
for Terrestrial Reuse of Cellular Satellite Frequency Spec 
trum; and Published US. Patent Application Nos. US. 
2003/0054760 to Karabinis, entitled Systems and Methods 
for Terrestrial Reuse of Cellular Satellite Frequency Spec 
trum; US. 2003/0054761 to Karabinis, entitled Spatial 
Guardbands for Terrestrial Reuse of Satellite Frequencies; 
US. 2003/0054814 to Karabinis et al., entitled Systems and 
Methods for Monitoring Terrestrially Reused Satellite Fre 
quencies to Reduce Potential Interference; US. 2003/ 
0073436 to Karabinis et al., entitled Additional Systems and 
Methods for Monitoring Terrestrially Reused Satellite Fre 
quencies to Reduce Potential Interference; US. 2003/ 
0054762 to Karabinis, entitled Multi-Band/Multi-Mode Sat 
ellite Radiotelephone Communications Systems and 
Methods; US. 2003/0153267 to Karabinis, entitled Wireless 
Communications Systems and Methods Using Satellite 
Linked Remote Terminal Interface Subsystems; US. 2003/ 
0224785 to Karabinis, entitled Systems and Methods for 
Reducing Satellite Feeder Link BandWidth/Carriers In Cel 
lular Satellite Systems; US. 2002/0041575 to Karabinis et 
al., entitled Coordinated Satellite-Terrestrial Frequency 
Reuse; US. 2002/0090942 to Karabinis et al., entitled 
Integrated or Autonomous System and Method of Satellite 
Terrestrial Frequency Reuse Using Signal Attenuation and/ 
or Blockage, Dynamic Assignment of Frequencies and/or 
Hysteresis; US. 2003/0068978 to Karabinis et al., entitled 
Space-Based Network Architectures for Satellite Radiotele 
phone Systems; US 2003/0143949 to Karabinis, entitled 
Filters for Combined Radiotelephone/GPS Terminals; US. 
2003/0153308 to Karabinis, entitled Staggered SectoriZation 
for Terrestrial Reuse of Satellite Frequencies; and US. 
2003/0054815 to Karabinis, entitled Methods and Systems 
for Modifying Satellite Antenna Cell Patterns In Response to 
Terrestrial Reuse of Satellite Frequencies. The disclosures of 
all of above referenced patents and patent publications are 
hereby incorporated herein by reference in their entirety as 
if set forth fully herein. 

[0048] FIG. 4 is a block diagram illustrating a satellite 101 
according to embodiments of the present invention. As 
shoWn, the satellite 101 may provide links for transmission/ 
reception betWeen a satellite gateWay and a radioterminal 
using one or more feeder link antenna(s) 401, one or more 
feeder link receivers 403a-b, one or more service link 

transmitter(s) 405, one or more service link antenna(s) 407, 
one or more service link receiver(s) 411, one or more feeder 
link transmitters 413a-b, and a plurality of linear frequency 
translators FTA1-4 and FTB1-4. More particularly, the 
feeder link antenna(s) 401 and the feeder link receivers 
403a-b may provide reception of up link portions of feeder 
links (e.g., Feeder Link 1 and/or Feeder Link 2) from 
satellite gateWays (e.g., 103a and/or 103b). The feeder link 
antenna(s) 401 and the feeder link transmitters 413a-b may 
provide transmission of doWn link portions of feeder links 
(e.g., Feeder Link 1 and/or Feeder Link 2) to satellite 
gateWays (e.g., 103a and/or 103b). The service link anten 
na(s) 407 and the service link receiver 411 may provide 
reception of up link portions of service links (e.g., Service 
Links 1-5) from radioterminals (e.g., 105a-e) in respective 
coverage areas (e.g., 107a-e). The service link antenna(s) 
407 and the service link transmitter 411 may provide trans 
mission of doWn link portions of service links (e.g., Service 
Links 1-5) to radioterminals (e.g., 105a-e) in respective 
coverage areas (e.g., 107a-e). 
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[0049] A single service link antenna 407 may provide 
different service links (also referred to as spot beams) for 
different coverage areas. While the service link antenna(s) 
407 is shoWn as a single block, separate receive and transmit 
service link antennas may be used, and/or different service 
link antennas may be used for different service links for 
different coverage areas. According to some embodiments of 
the present invention, the service link antenna(s) 407 may 
include at least one phased array antenna providing a 
plurality of spot beams With each spot beam supporting a 
service link for a different coverage area. Accordingly, beam 
forming techniques according to embodiments of the present 
invention may be used so that up link and/or doWn link 
portions of the service links (Service Links 1-5) may be 
received and/or transmitted using a single phased array 
service link antenna 407. 

[0050] Similarly, a single feeder link antenna 401 may 
provide different feeder links for different satellite gateWays. 
For eXample, a single feeder link antenna 401 may provide 
different feeder links to spatially separated gateWays using 
spot beam forming, and/or different directional feeder link 
antennas may provide different feeder links to spatially 
separated gateWays. In addition or in an alternative, one or 
more feeder link antennas 401 may provide different feeder 
links having different (e.g., orthogonal) polariZations. 
Accordingly, feeder link capacity may be increased by 
providing different feeder links to different gateWays sepa 
rated by space and/or polariZation over the same feeder link 
frequency band. 

[0051] According to some embodiments of the present 
invention, the feeder link receiver 403a and the feeder link 
antenna 401 may receive an up link portion of a ?rst feeder 
link (Feeder Link 1) transmitted from the satellite gateWay 
to the satellite 101 over a feeder link frequency band. The 
service link transmitter 405 and the service link antenna 407 
may transmit a doWn link portion of a service link (Service 
Link 1) from the satellite 101 to at least one radioterminal 
105a in a coverage area 107a over a service link frequency 
band. Moreover, the service link and the feeder link fre 
quency bands may be different. In addition, the frequency 
translator FTA1 may provide linear frequency translation of 
a frequency segment of the up link portion of the feeder link 
(Feeder Link 1) from the feeder link frequency band to the 
service link frequency band to provide a frequency segment 
for the doWn link portion of the service link (Service Link 
1) for coverage area 107a. As shoWn in FIGS. 3a-c, a 
frequency segment (Segment 1 of FIG. 3c) of the feeder link 
frequency band from an up link portion of the feeder link 
(Feeder Link 1) may be linearly frequency translated using 
frequency translator FTAL to provide a frequency segment 
(Beam 1 of FIG. 3a) to be transmitted from service link 
antenna 407 as a service link (Service Link 1) for coverage 
area 107a. Because the frequency translator FTA1 provides 
linear frequency translation, a bandWidth of frequencies 
spanned by the frequency segment of the feeder link may be 
the same as a bandWidth of frequencies spanned by the 
frequency segment of the service link. 

[0052] The service link transmitter 405 and the service 
link antenna 407 may provide a doWn link portion of a 
second service link (Service Link 2) from the satellite 101 to 
at least one radioterminal 105b in a coverage area 107b over 
the service link frequency band. The frequency translator 
FTA2 may provide linear frequency translation of a second 
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frequency segment of the up link portion of the feeder link 
(Feeder Link 1) from the feeder link frequency band to the 
service link frequency band to provide a frequency segment 
for the doWn link portion of the service link (Service Link 
2) for coverage area 107b. As shoWn in FIGS. 3a-c, a 
frequency segment (Segment 2 of FIG. 3c) of the feeder link 
frequency band from an up link portion of the feeder link 
(Feeder Link 1) may be linearly frequency translated using 
frequency translator FTA2 to provide a frequency segment 
(Beam 2 of FIG. 3b) to be transmitted from service link 
antenna 407 as a doWn link portion of a second service link 
(Service Link 2) for coverage area 107b. 

[0053] The frequency translators FTA1 and FTA2 may 
thus translate different non-overlapping frequency segments 
of the up link portion of the same feeder link to the service 
link frequency band to provide doWn link portions of 
different service links for different coverage areas. More 
particularly, the ?rst frequency segment (Beam 1 of FIG. 
3a) may provide content for a ?rst plurality of radiotermi 
nals (including radioterminal 105a) in the ?rst coverage area 
107a, and the second frequency segment (Beam 2 of FIG. 
3b) may provide content for a second plurality of radioter 
minals (including radioterminal 107b) in the second cover 
age area 107b. The feeder link receiver 403a may thus be 
con?gured to receive an up link portion of a single feeder 
link (Feeder Link 1) from a single satellite gateWay 103a, 
and different frequency segments of the up link portion of 
the single feeder link may be translated from the feeder link 
frequency band to the service link frequency band using 
respective linear frequency translators FTA1 and FTA2. 

[0054] In addition, the feeder link receiver 403b and the 
feeder link antenna 401 may receive an up link portion of a 
second feeder link (Feeder Link 2) betWeen from a second 
satellite gateWay 103b over a feeder link frequency band. 
The service link transmitter 405 and the service link antenna 
407 may transmit a doWn link portion of a third service link 
(Service Link 3) from the satellite 101 to at least one 
radioterminal 105d in a coverage area 107d over a service 
link frequency band. As discussed above, the service link 
and the feeder link frequency bands may be different. In 
addition, the frequency translator FTA3 may provide linear 
frequency translation of a frequency segment of the up link 
portion of the second feeder link (Feeder Link 2) from the 
feeder link frequency band to the service link frequency 
band to provide a frequency segment of the doWn link 
portion of the third service link (Service Link 3) for cover 
age area 107d. A frequency segment of the feeder link 
frequency band from an up link portion of the feeder link 
(Feeder Link 2) may be linearly frequency translated using 
frequency translator FTA3 to provide a frequency segment 
(for a spot beam) to be transmitted from service link antenna 
407 as a doWn link portion of a service link (Service Link 3) 
for coverage area 107d. Because the frequency translator 
FTA3 provides linear frequency translation, a bandWidth of 
frequencies spanned by the frequency segment of the up link 
portion of the feeder link may be the same as a bandWidth 
of frequencies spanned by the frequency segment of the 
doWn link portion of the service link. 

[0055] The service link transmitter 405 and the service 
link antenna 407 may transmit a doWn link portion of a 
fourth service link (Service Link 4) from the satellite 101 to 
at least one radioterminal 105c in a coverage area 107c over 
the service link frequency band. The frequency translator 
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FTA4 may provide linear frequency translation of a fourth 
frequency segment of the up link portion of the second 
feeder link (Feeder Link 2) from the feeder link frequency 
band to the service link frequency band to provide a fre 
quency segment of the doWn link portion of the fourth 
service link (Service Link 4) for coverage area 107c. A 
frequency segment of the feeder link frequency band from 
an up link portion of the second feeder link (Feeder Link 2) 
may be linearly frequency translated using frequency trans 
lator FTA4 to provide a frequency segment (for a spot beam) 
to be transmitted from service link antenna 407 as a doWn 
link portion of a fourth service link (Service Link 4) for 
coverage area 107c. 

[0056] The frequency translators FTA3 and FTA4 may 
thus translate different non-overlapping frequency segments 
of the up link portion of the same feeder link to the service 
link frequency band to provide doWn link portions of 
different service links for different coverage areas. More 
particularly, the third frequency segment may provide con 
tent for a third plurality of radioterminals (including radio 
terminal 105a) in the third coverage area 107d, and the 
fourth frequency segment may provide content for a fourth 
plurality of radioterminals (including radioterminal 105c) in 
the second coverage area 107c. The feeder link receiver 
403b may thus be con?gured to receive an up link portion of 
a single feeder link (Feeder Link 2) from a single satellite 
gateWay 103b, and different frequency segments of the up 
link portion of the single feeder link may be translated from 
the feeder link frequency band to the service link frequency 
band using respective linear frequency translators FTA3 and 
FTA4. 

[0057] The up link portions of the ?rst and second feeder 
links (Feeder Link 1 and Feeder Link 2) may operate over 
the same feeder link frequency band to increase feeder link 
capacity. Accordingly, separation betWeen the feeder links 
may be provided using spatial separation of the satellite 
gateWays and/or using different polariZations. For eXample, 
the satellite gateWays 103a-b may be sufficiently separated 
in geography that up link portions of the different feeder 
links may be received at the satellite 101 using different 
directional receive antennas and/or using a receive antenna 
array capable of receiving different feeder link spot beams. 
In addition or in an alternative, the satellite gateWays 103a-b 
may transmit using different (e.g. orthogonal) polariZations, 
and the feeder link antenna 401 and/or the feeder link 
receivers 403a-b may be able to separate up link portions of 
the different feeder links having the different polariZations. 

[0058] Moreover, a priori knoWn pilot signals may be used 
by the satellite 101 to reduce interference betWeen up link 
portions of the tWo feeder link signals. For eXample, ?rst 
pilot signals may be transmitted from the ?rst satellite 
gateWay 103a to the satellite 101 over the up link portion of 
the ?rst feeder link (Feeder Link 1), and second pilot signals 
may be transmitted from the second satellite gateWay 103b 
to the satellite 101 over the up link portion of the second 
feeder link (Feeder Link 2) With the ?rst and second pilot 
signals being different. The feeder link receivers 403a and/or 
403b may then perform interference cancellation based on a 
priori knoWledge of the ?rst and second pilot signals. 

[0059] According to additional embodiments of the 
present invention, the feeder link tranmitter 413a and the 
feeder link antenna 401 may transmit a doWn link portion of 
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a ?rst feeder link (Feeder Link 1) from the satellite 101 to 
the satellite gateway 103a over a feeder link frequency band. 
The service link receiver 411 and the service link antenna 
407 may receive an up link portion of a a service link 
(Service Link 1) from at least one radioterrninal 105a in a 
coverage area 107a over a service link frequency band. 
Moreover, the service link and the feeder link frequency 
bands may be different. In addition, the frequency translator 
FTB1 may provide linear frequency translation of a fre 
quency segment of the up link portion of the service link 
(Service Link 1) from the service link frequency band to the 
feeder link frequency band to provide a frequency segment 
for the doWn link portion of the feeder link (Feeder Link 1) 
from coverage area 107a. A frequency segment of the 
service link frequency band from an up-link portion of the 
service link (Service Link 1) from coverage area 107a may 
be linearly frequency translated using frequency translator 
FTB1 to provide a frequency segment to be transmitted from 
the feeder link antenna 401 as a frequency segment of the 
doWn link portion of the feeder link (Feeder Link 1) to the 
satellite gateWay 103a. Because the frequency translator 
413a provides linear frequency translation, a bandWidth of 
frequencies spanned by the frequency segment of the doWn 
link portion of the feeder link may be the same as a 
bandWidth of frequencies spanned by the frequency segment 
of the up link portion of the service link. 

[0060] The service link receiver 411 and the service link 
antenna 407 may receive an up link portion of a second 
service link (Service Link 2) from at least one radioterrninal 
105b in a coverage area 107b over the service link frequency 
band. The frequency translator FTB2 may provide linear 
frequency translation of a second frequency segment of the 
up link portion of the second service link (Service Link 2) 
from the service link frequency band to the feeder link 
frequency band to provide a second frequency segment for 
the doWn link portion of the feeder link (Feeder Link 1) from 
the coverage area 107b. The up link portion of the second 
service link (Service Link 2) for the coverage area 107b may 
thus be linearly frequency translated using frequency trans 
lator FTB2 to provide a second frequency segment for the 
doWn link portion of the feeder link (Feeder Link 1). 

[0061] The frequency translators FTB1 and FTB2 may 
thus translate up-link portions of different service links (e.g., 
Service Link 1 and Service Link 2) to different non-over 
lapping frequency segrnents of the doWn link portion of the 
same feeder link (e.g., Feeder Link 1) to provide up link 
portions of service links for different coverage areas. More 
particularly, a ?rst frequency segrnent (e.g., an up-link 
portion) of the ?rst service link (Service Link 1) may 
provide content from a ?rst plurality of radioterrninals 
(including radioterrninal 105a) in the ?rst coverage area 
107a, and the second frequency segrnent (e.g., an up-link 
portion) of the second service link (Service Link 2) may 
provide content from a second plurality of radioterrninals 
(including radioterrninal 105a) in the ?rst coverage area 
107a. The feeder link transrnitter 413a may thus be con?g 
ured to transmit a doWn link portion of a single feeder link 
(Feeder Link 1) to a single satellite gateWay 103a, and 
different frequency segments of the doWn link portion of the 
single feeder link may be translated to the feeder link 
frequency band from the service link frequency band using 
respective frequency translators FTB1 and FTB2. 
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[0062] In addition, the feeder link transrnitter 413b and the 
feeder link antenna 401 may provide transrnissions over a 
doWn link portion of a second feeder link (Feeder Link 2) 
from the satellite 101 to the satellite gateWay 103b over the 
feeder link frequency band. The service link receiver 411 
and the service link antenna 407 may receive an up link 
portion of a third service link (Service Link 3) from at least 
one radioterrninal 105d in coverage area 107d over the 
service link frequency band. As discussed above, the service 
link frequency band and the feeder link frequency band may 
be different. In addition, the frequency translator FTB3 may 
provide linear frequency translation of a frequency segment 
of the up link portion of the third service link (Service Link 
3) for coverage area 107d from the service link frequency 
band to the feeder link frequency band to provide a third 
frequency segment for the doWn link portion of the second 
feeder link (Feeder Link 2). Because the frequency translator 
FTB3 provides linear frequency translation, a bandWidth of 
frequencies spanned by the frequency segment for the doWn 
link portion of the feeder link may be may be the same as a 
bandWidth of frequencies spanned by the frequency segment 
for the up link portion of the service link. 

[0063] The service link receiver 411 and the service link 
antenna 407 may also receive an up link portion of a fourth 
service link (Service Link 4) from at least one radioterrninal 
105c in a coverage area 107c over the service link frequency 
band. The frequency translator FTB4 may provide linear 
frequency translation of a fourth frequency segment of the 
up link portion of the fourth service link (Service Link 4) for 
coverage area 107c from the service link frequency band to 
the feeder link frequency band to provide a fourth frequency 
segment for the doWn link portion of the second feeder link 
(Feeder Link 2). A frequency segment of the service link 
frequency band from an up link portion of the fourth service 
link (Service Link 4) may be linearly frequency translated 
using frequency translator FTB4 to provide a frequency 
segment to be transmitted from the feeder link antenna 401 
as a fourth frequency segment for the doWn link portion of 
the second feeder link (Feeder Link 2). 

[0064] The frequency translators FTB3 and FTB4 may 
thus translate up link portions of different service links (e. g., 
Service Link 3 and Service Link 4) for different coverage 
areas (e.g., 107a' and 107c) from the service link frequency 
band to different non-overlapping frequency segments of the 
feeder link frequency band for a doWn link portion of the 
same feeder link (e. g., Feeder Link 2). More particularly, the 
third frequency segment from the up link portion of the third 
service link (Service Link 3) may provide content from a 
third plurality of radioterrninals (including radioterrninal 
105a) in the third coverage area 107d, and the fourth 
frequency segment from the up link portion of the fourth 
service link (Service Link 4) may provide content from a 
fourth plurality of radioterrninals (including radioterrninal 
105c) in the fourth coverage area 107c. The feeder link 
transrnitter 413b may thus be con?gured to transmit a doWn 
link portion of a single feeder link (Feeder Link 2) to a single 
satellite gateWay 103b, and different frequency segments of 
the doWn link portion of the single feeder link may be 
translated from the service link frequency band to the feeder 
link frequency band using respective linear frequency trans 
lators FTA3 and FTA4. 

[0065] The doWn link portions of the ?rst and second 
feeder links (Feeder Link 1 and Feeder Link 2) transrnitted 
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using the feeder link transmitters 413a and 413b may 
operate over the same feeder link frequency band to increase 
feeder link capacity. Accordingly, separation betWeen the 
feeder links may be provided using directional spot beams, 
using spatial separation of the satellite gateWays, and/or 
using different polariZations. For example, the satellite gate 
Ways 103a-b may be suf?ciently separated in geography that 
the different doWn link portions of the feeder links may be 
transmitted from the satellite 101 using different directional 
transmit antennas and/or using a transmit antenna array 
capable of transmitting different feeder link spot beams. In 
addition or in an alternative, the satellite gateWays 103a-b 
may selectively receive different (e.g., orthogonal) polariZa 
tions, and the feeder link antenna 401 and/or the feeder link 
transmitters 413a-b may be con?gured to transmit the doWn 
link portions of the different feeder links using different 
polariZations. 
[0066] Moreover, a priori signals may be used by the 
satellite gateWays 103a and/or 103b to reduce interference 
betWeen doWn link portions of the tWo feeder link signals. 
For eXample, ?rst pilot signals may be transmitted from the 
?rst feeder link transmitter 413a and/or the feeder link 
antenna 401 to the satellite gateWay 103a over the doWn link 
portion of the ?rst feeder link (Feeder Link 1), and second 
pilot signals may be transmitted from the second feeder link 
transmitter 413b and/or the feeder link antenna 401 to the 
satellite gateWay 103b over the doWn link portion of the 
second feeder link (Feeder Link 2), With the ?rst and second 
pilot signals being different. The satellite gateways 103a 
and/or 103b may then perform interference cancellation 
based on a priori knoWledge of the ?rst and second pilot 
signals. 
[0067] In the draWings and speci?cation, there have been 
disclosed embodiments of the invention and, although spe 
ci?c terms are employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation. 
The folloWing claims are provided to ensure that the present 
application meets all statutory requirements as a priority 
application in all jurisdictions and shall not be construed as 
setting forth the scope of the present invention. Moreover, 
While particular systems are discussed above With respect to 
the ?gures, analogous methods are also included in the 
present invention. 

That Which is claimed is: 
1. A method of operating a communications system 

including a satellite and a satellite gateWay, the method 
comprising: 

providing a feeder link betWeen the satellite and the 
satellite gateWay, Wherein the feeder link is provided 
over a feeder link frequency band for communication 
of information betWeen the satellite gateWay and the 
satellite; 

providing a service link betWeen the satellite and at least 
one radioterminal in a coverage area of the satellite, 
Wherein the service link is provided over a service link 
frequency band and Wherein the feeder link and service 
link frequency bands are different; and 

linearly frequency translating a frequency segment of the 
feeder link from the feeder link frequency band to the 
service link frequency band to provide a frequency 
segment of the service link. 
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2. A method according to claim 1 further comprising: 

providing a second service link betWeen the satellite and 
at least one radioterminal in a second coverage area of 
the satellite, Wherein the second service link is pro 
vided over the service link frequency band; and 

linearly frequency translating a second frequency seg 
ment of the feeder link from the feeder link frequency 
band to the service link frequency band to provide a 
second frequency segment of the second service link. 

3. A method according to claim 2 Wherein the ?rst 
frequency segment of the ?rst service link provides content 
for a ?rst plurality of radioterminals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content for a second plurality of 
radioterminals in the second coverage area. 

4. A method according to claim 2 Wherein the ?rst 
frequency segment of the feeder link is transmitted to the 
satellite using a ?rst polariZation and Wherein the second 
frequency segment of the feeder link is transmitted to the 
satellite using a second polariZation, Wherein the ?rst and 
second polariZations are different. 

5. A method according to claim 4 Wherein the second 
polariZation is orthogonal With respect to the ?rst polariZa 
tion. 

6. Amethod according to claim 1 Wherein a bandWidth of 
frequencies spanned by the frequency segment of the feeder 
link is about the same as a bandWidth of frequencies spanned 
by the frequency segment of the service link. 

7. A method according to claim 1 further comprising: 

providing a second feeder link betWeen the satellite and a 
second satellite gateWay, Wherein the second feeder 
link is provided over the feeder link frequency band for 
communication of information betWeen the second 
satellite gateWay and the satellite; 

providing a second service link betWeen the satellite and 
at least one radioterminal in a second coverage area of 
the satellite, Wherein the second service link is pro 
vided over the service link frequency band; and 

linearly frequency translating a frequency segment of the 
second feeder link from the feeder link frequency band 
to the service link frequency band to provide a second 
frequency segment of the second service link. 

8. A method according to claim 7 Wherein the ?rst 
frequency segment of the ?rst service link provides content 
for a ?rst plurality of radioterminals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content for a second plurality of 
radioterminals in the second coverage area. 

9. A method according to claim 7 further comprising: 

transmitting ?rst pilot signals from the ?rst satellite 
gateWay to the satellite over the ?rst feeder link; 

transmitting second pilot signals from the second satellite 
gateWay to the satellite over the second feeder link 
Wherein the ?rst and second pilot signals are different; 
and 

performing interference cancellation at the satellite based 
on a priori knoWledge of the ?rst and second pilot 
signals. 



US 2005/0288011 A1 

10. Arnethod according to claim 1 wherein the frequency 
segment of the service link provides content for the at least 
one radioterrninal. 

11. Arnethod according to claim 1 Wherein the frequency 
segment of the service link provides content for a plurality 
of radioterrninals in the coverage area. 

12. A method of operating a communications system 
including a satellite and a satellite gateWay, the method 
comprising: 

providing a feeder link betWeen the satellite and the 
satellite gateWay, Wherein the feeder link is provided 
over a feeder link frequency band for communication 
of information betWeen the satellite gateWay and the 
satellite; 

providing a service link betWeen the satellite and at least 
one radioterrninal in a coverage area of the satellite, 
Wherein the service link is provided over a service link 
frequency band and Wherein the feeder link and service 
link frequency bands are different; and 

linearly frequency translating a frequency segment of the 
service link from the service link frequency band to the 
feeder link frequency band to provide a frequency 
segment of the feeder link. 

13. A method according to claim 12 further comprising: 

providing a second service link betWeen the satellite and 
at least one radioterrninal in a second coverage area of 
the satellite, Wherein the second service link is pro 
vided over the service link frequency band; and 

linearly frequency translating a second frequency seg 
rnent of the second service link from the service link 
frequency band to the feeder link frequency band to 
provide a second frequency segment of the feeder link. 

14. A method according to claim 13 Wherein the ?rst 
frequency segment of the ?rst service link provides content 
from a ?rst plurality of radioterrninals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content from a second plurality 
of radioterrninals in the second coverage area. 

15. A method according to claim 13 Wherein the ?rst 
frequency segment of the feeder link is transmitted from the 
satellite using a ?rst polariZation and Wherein the second 
frequency segment of the feeder link is transmitted from the 
satellite using a second polariZation, Wherein the ?rst and 
second polariZations are different. 

16. A method according to claim 15 Wherein the second 
polariZation is orthogonal With respect to the ?rst polariZa 
tion. 

17. Arnethod according to claim 12 Wherein a bandWidth 
of frequencies spanned by the frequency segment of the 
feeder link is about the same as a bandWidth of frequencies 
spanned by the frequency segment of the service link. 

18. A method according to claim 12 further comprising: 

providing a second feeder link betWeen the satellite and a 
second satellite gateWay, Wherein the second feeder 
link is provided over the feeder link frequency band for 
communication of information betWeen the second 
satellite gateWay and the satellite; 

providing a second service link betWeen the satellite and 
at least one radioterrninal in a second coverage area of 
the satellite, Wherein the second service link is pro 
vided over the service link frequency band; and 
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linearly frequency translating a second frequency seg 
rnent of the second service link from the service link 
frequency band to the feeder link frequency band to 
provide a second frequency segment of the second 
feeder link. 

19. A method according to claim 18 Wherein the ?rst 
frequency segment from the ?rst service link provides 
content from a ?rst plurality of radioterrninals in the ?rst 
coverage area, and Wherein the second frequency segment 
from the second service link provides content from a second 
plurality of radioterrninals in the second coverage area. 

20. A method according to claim 18 further comprising: 

transrnitting ?rst pilot signals from the satellite over the 
?rst feeder link to the ?rst satellite gateWay; 

transrnitting second pilot signals from the satellite over 
the second feeder link to the second satellite gateWay 
Wherein the ?rst and second pilot signals are different; 
and 

performing interference cancellation at the ?rst and sec 
ond satellite gateWays based on a priori knoWledge of 
the ?rst and second pilot signals. 

21. A method according to claim 12 Wherein the fre 
quency segment of the service link provides content from 
the at least one radioterrninal in the coverage area of the 
service link. 

22. A method according to claim 12 Wherein the fre 
quency-segrnent of the service link provides content from a 
plurality of radioterrninals in the coverage area of the service 
link. 

23. A satellite for relaying communications between a 
satellite gateWay and at least one radioterrninal in a coverage 
area of the satellite, the satellite comprising; 

a feeder link receiver con?gured to receive information 
from the satellite gateWay using a feeder link provided 
over a feeder link frequency band; 

a service link transrnitter con?gured to transmit informa 
tion to the at least one radioterrninal in the coverage 
area using a service link provided over a service link 
frequency band, Wherein the service link frequency 
band and the feeder link frequency band are different; 
and 

a frequency translator coupled betWeen the feeder link 
receiver and the service link transrnitter, Wherein the 
frequency translator is con?gured to provide linear 
frequency translation of a frequency segment of the 
feeder link from the feeder link frequency band to the 
service link frequency band to provide a frequency 
segment of the service link. 

24. A satellite according to claim 23 Wherein the service 
link transmitter is further con?gured to transmit information 
to at least one radioterrninal in a second coverage area using 
a second service link provided over the service link fre 
quency band, the satellite further comprising: 

a second frequency translator coupled betWeen the feeder 
link receiver and the service link transrnitter, Wherein 
the second frequency translator is con?gured to provide 
linear frequency translation of a second frequency 
segment of the feeder link from the feeder link fre 
quency band to the service link frequency band to 
provide a second frequency segment of the second 
service link. 
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25. A satellite according to claim 24 wherein the ?rst 
frequency segment of the ?rst service link provides content 
for a ?rst plurality of radioterrninals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content for a second plurality of 
radioterrninals in the second coverage area. 

26. A satellite according to claim 24 Wherein the feeder 
link receiver is con?gured to receive ?rst frequency segrnent 
using a ?rst polarization and to receive the second frequency 
segrnent using a second polariZation, Wherein the ?rst and 
second polariZations are different. 

27. A satellite according to claim 26 Wherein the second 
polariZation is orthogonal With respect to the ?rst polariZa 
tion. 

28. Asatellite according to claim 23 Wherein a bandWidth 
of frequencies spanned by the frequency segment of the 
feeder link is about the same as a bandWidth of frequencies 
spanned by the frequency segment of the service link. 

29. A satellite according to claim 23 further comprising: 

a second feeder link receiver con?gured to receive infor 
rnation from a second satellite gateWay using a second 
feeder link provided over the feeder link frequency 
band Wherein the service link transmitter is con?gured 
to provide a second service link betWeen the satellite 
and at least one radioterrninal in a second coverage area 

of the satellite, Wherein the second service link is 
provided over the service link frequency band; and 

a second frequency translator coupled betWeen the second 
feeder link receiver and the service link transrnitter, 
Wherein the second frequency translator is con?gured 
to provide linear frequency translation of a second 
frequency segment of the second feeder link from the 
feeder link frequency band to the service link frequency 
band to provide a second frequency segment of the 
second service link. 

30. A satellite according to claim 29 Wherein the ?rst 
frequency segment of the ?rst service link provides content 
for a ?rst plurality of radioterrninals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content for a second plurality of 
radioterrninals in the second coverage area. 

31. A satellite according to claim 29 Wherein the ?rst 
feeder link receiver is con?gured to receive ?rst pilot signals 
from the ?rst satellite gateWay over the ?rst feeder link, 
Wherein the second feeder link receiver is con?gured to 
receive second pilot signals from the second satellite gate 
Way over the second feeder link, Wherein the ?rst and second 
pilot signals are different, and Wherein the ?rst and/or 
second feeder link receivers are con?gured to perform 
interference cancellation based on a priori knoWledge of the 
?rst and second pilot signals. 

32. A satellite according to claim 23 Wherein the fre 
quency segment of the service link provides content for the 
at least one radioterrninal in the coverage area. 

33. A satellite according to claim 23 Wherein the fre 
quency segment of the service link provides content for a 
plurality of radioterrninals in the coverage area. 

34. A satellite for relaying communications between a 
satellite gateWay and at least one radioterrninal in a coverage 
area of the satellite, the satellite cornprising: 
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a service link receiver con?gured to receive information 
from the at least one radioterrninal in the coverage area 
using a service link provided over a service link fre 
quency band, 

a feeder link transrnitter con?gured to transmit informa 
tion to the satellite gateWay using a feeder link pro 
vided over a feeder link frequency band, Wherein the 
service link frequency band and the feeder link fre 
quency band are different; and 

a frequency translator coupled betWeen the service link 
receiver and the feeder link transrnitter, Wherein the 
frequency translator is con?gured to provide linear 
frequency translation of a frequency segment of the 
service link from the service link frequency band to the 
feeder link frequency band to provide a frequency 
segment of the feeder link. 

35. A satellite according to claim 34 Wherein the service 
link receiver is further con?gured to receive information 
from at least one radioterrninal in a second coverage area 
using a second service link provided over the service link 
frequency band, the satellite further comprising: 

a second frequency translator coupled betWeen the service 
link receiver and the feeder link transrnitter, Wherein 
the second frequency translator is con?gured to provide 
linear frequency translation of a second frequency 
segment of the second service link from the service link 
frequency band to the feeder link frequency band to 
provide a second frequency segment of the feeder link. 

36. A satellite according to claim 35 Wherein the ?rst 
frequency segment of the ?rst service link provides content 
from a ?rst plurality of radioterrninals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content from a second plurality 
of radioterrninals in the second coverage area. 

37. A satellite according to claim 35 Wherein the feeder 
link transmitter is con?gured to transmit the ?rst frequency 
segrnent using a ?rst polariZation and to transmit the second 
frequency segrnent using a second polariZation, Wherein the 
?rst and second polariZations are different. 

38. A satellite according to claim 37 Wherein the second 
polariZation is orthogonal With respect to the ?rst polariZa 
tion. 

39. A satellite according to claim 34 Wherein a bandWidth 
of frequencies spanned by the frequency segment of the 
feeder link is about the same as a bandWidth of frequencies 
spanned by the frequency segment of the service link. 

40. A satellite according to claim 34 further comprising: 

a second feeder link transrnitter con?gured to transmit 
information to a second satellite gateWay using a sec 
ond feeder link provided over the feeder link frequency 
band, Wherein the service link receiver is con?gured to 
provide a second service link betWeen the satellite and 
at least one radioterrninal in a second coverage area of 

the satellite; and 

a second frequency translator coupled betWeen the second 
feeder link receiver and the service link transrnitter, 
Wherein the second frequency translator is con?gured 
to provide linear frequency translation of a second 
frequency segment of the second service link from the 
service link frequency band to the feeder link frequency 
band to provide a second frequency segment of the 
second feeder link. 
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41. A satellite according to claim 40 wherein the ?rst 
frequency segment of the ?rst service link provides content 
from a ?rst plurality of radioterrninals in the ?rst coverage 
area, and Wherein the second frequency segment of the 
second service link provides content from a second plurality 
of radioterrninals in the second coverage area. 

42. A satellite according to claim 40 Wherein the ?rst 
feeder link transmitter is con?gured to transmit ?rst pilot 
signals to the ?rst satellite gateWay over the ?rst feeder link, 
Wherein the second feeder link transmitter is con?gured to 
transmit second pilot signals to the second satellite gateWay 
over the second feeder link, Wherein the ?rst and second 
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pilot signals are different, and Wherein the ?rst and/or 
second satellite gateWays are con?gured to perform inter 
ference cancellation based on a priori knoWledge of the ?rst 
and second pilot signals. 

43. A satellite according to claim 34 Wherein the fre 
quency segment of the service link provides content from 
the at least one radioterrninal in the coverage area. 

44. A satellite according to claim 34 Wherein the fre 
quency segment of the service link provides content from a 
plurality of radioterrninals in the coverage area. 

* * * * * 


